A ccording to the National Institute for Occupational Safety and Health (NIOSH), approximately 30 million workers are exposed to hazardous noise on the job (NIOSH, 1996) . Noise induced hearing loss is the second most self-reported occupational illness or injury among American workers. Many professions are at risk for high-level noise exposure. For example, according to NIOSH (1999) , construction employees and firefighters were all exposed to unsafe noise at different times during their work shifts. It has been estimated that hearing related workers' compensation costs from 1984 to 1993 amounted to $3.4 billion. Such potential workers' compensation costs are likely to provide an additional incentive for improved hearing conservation practices by industry and government (Rees, 1994) .
The NIOSH receives 400 requests annually to perform health hazard evaluations in the workplace, of which many are related to noise exposures. When evaluating noise hazards, NIOSH may: • Survey employee health information. • Monitor the noise exposure. • Conduct worker audiometric evaluations. • Assess employee use of personal protective equipment (PPE) such as hearing devices. • Review current hearing loss prevention policies and standards.
The NIOSH researchers supply written reports with the evaluation results, which help employers evaluate and control noise exposures if necessary, and develop employee education programs and hearing loss prevention (NIOSH, 1999) .
Although hearing loss is the most often reported result of high noise exposures, studies suggest there are
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Ms. Penney is Occupational Health Nurse, Jansport, Everett, WA. Dr. Earl isDean of Nursing and Allied Health, Montcalm Community College. Sidney, MI. 476 multiple other physical and psychological effects of long term exposure; these include changes in breathing, sleep, and physical and mental health (Canadian Center for Occupational Health and Safety, 1999) . Several studies have related noise to changes in cardiovascular function (e.g., hypertension, changes in blood pressure [BPl and heart rate) (Andren, 1980; Green, 1991; Lercher, 1993; Ortiz, 1974; Tomei, 2000) . This article addresses the issue of hypertension in relation to occupational noise exposure in working populations.
REVIEW OF THE LITERATURE
Hypertension or high BP generally is defined as a systolic BP ;;" 140 mm Hg and diastolic BP ;;" 90 mm Hg. Complications of hypertension include damage to blood vessels in vital organs and thickening of the arterioles, which may result in myocardial infarctions, cerebrovascular accidents, peripheral vascular disease, or renal failure (Kazanowski, 1995) . Hypertension affects an estimated 23% of the U.S. population age 20 to 74, and it is most prevalent among Blacks. In 1999, there were 32 million medical office visits for hypertension evaluation (Pastor, 2002) . Known factors contributing to high BP include a family history of hypertension, high sodium intake, excessive calorie consumption, physical inactivity, excessive alcohol intake, and low potassium intake (Kazanowski, 1995) .
Research on noise in the workplace and the effects on BP has not been consistent. A review of the literature identified several studies that suggested a positive relationship between occupational noise and elevated BP, a few studies we-re equivocal, and a few found no relationship between these variables. It is difficult to compare the studies, however, because of different population sizes, settings, methods, and various confounding factors measured in each study.
Studies have attempted to explain the physiological mechanisms of how noise may play a role in increased hypertension. In an early study, Andren (1980) found a statistically significant increase (p < .05) in diastolic BP at 95 decibels (dB), but no change in systolic BP when 18 men were tested in noise laboratories specially equipped with loudspeakers built into the walls. Researchers also identified a reduction in stroke volume seen, which caused a reduction in cardiac output at the highest level of stimulation (95 dB). Thus, the increase in diastolic BP could be attributed to a rise of total peripheral resistance. What is conceivable is that repetition of such stimuli may cause a persistent elevation of BP, and noise therefore could be one of several external factors contributing to the development of hypertension (Andren, 1980) . Research also has shown a correlation between noise exposure and increased urinary epinephrine and norepinephrine levels, radial pulse (pulse frequency rose from 71 to 79.5 pulsations per minute), and increased cholesterol, all of which could increase BP (Ortiz, 1974) .
A more recent study also tried to demonstrate a relationship between elevated BP and noise exposure. Green (1991) conducted a cross sectional study of 191 male industrial workers age 25 to 65 in Israel. For inore than 14 hours, the workers were separated into two groups: one group was exposed to ;::;. 85 dB and the second group was exposed to < 85 dB. The authors found a negative association between diastolic BP and hearing protection, and concluded that perhaps after hearing loss occurs, the response to noise is reduced. However, the authors pointed out there may be selection bias due to workers with hearing loss possibly moving to less noisy job positions.
Another study showed an increase in both diastolic and systolic BP associated with noise exposure. Lercher (1993) studied 174 workers age 25 to 65 in multiple occupations in a rural community. Information regarding level of exposure and duration of noise was obtained through interviews. Exposure opportunities and duration of exposure as well as social support also were assessed through interviews. Possible confounding factors such as smoking, alcohol use, and physical activity were assessed. Using the governmental micro census survey, occupational titles and educational status were obtained for individual workers. BP was measured twice in a sitting position. Analysis showed confounding factors played an important role in the relationship between BP and noise. Workers with noise annoyance concomitantly were found to have significantly higher body mass index (BMI), were less educated, drank alcohol more often, worked on night shifts, and were predominantly male. However, these workers also reported significantly more social support and higher satisfaction with their working conditions. When other common work related risk factors are present at the same time (combined effects), it is important to control for possible confounding effects. The researchers suggested the public health impact of noisy working conditions (with the exception of hearing loss) can be underestimated when combined factors are not considered. More specifically, the researchers noted an analysis of main effects only may underestimate the true public health impact, underscoring the necessity of searching for com-NOVEMBER 2004, VOL. 52, NO. 11 bined effects of environmental stressors. It is important to realize, however, that noise levels were not measured in this study; therefore, it is difficult to say which exposure levels had the most effect on health. The same exposure assessment was used for all occupations.
A more recent study conducted by Tomei (2000) found factory workers who were exposed to noise levels > 90 dB had higher average diastolic BP and a higher percentage of diastolic hypertension than factory workers exposed to noise levels < 90 dB. The study used a case control design to evaluate BP and other outcomes in 52 bed frame factory workers who concomitantly had hearing loss and 65 blue collar workers and 64 clerical workers from other industries (controls). The researchers excluded those with potentially confounding risk factors for hypertension (e.g., serum cholesterol> 200 mg/dl, BMI > 30). They also controlled for environmental factors by having the workers rest before their BP was measured and instructed the workers not to take any BP medication for 6 hours prior to the evaluation. Four BP measurements were taken in both supine and upright positions.
Comparisons among the three groups showed workers exposed to noise had a higher frequency of abnormal BP readings, higher mean diastolic readings, more frequent drops in BP readings, and more abnormal electrocardiogram tracings than the control groups. This study is important because the researchers controlled for many potentially different confounding variables and compared results with two comparable control groups. Becuase there were no differences between the groups with regard to risk factors, other than noise, the study findings suggest exposure to noise may have had an effect on BP and other cardiovascular outcomes. The study also suggests loudness and type of noise may be related to adverse cardiovascular outcomes.
Other researchers have not found an association between occupational noise and increased BP. Kristal-Boneh (1995) analyzed the Cardiovascular Occupational Risk Factor Determination in Israel Study (CORDIS) for chronic and acute effects of recurrent exposure to noise on resting BP and heart rate. In the CORDIS study, conducted between 1985 and 1987, a total of 3,106 employees in 21 Israeli industrial plants were tested on site for cardiovascular risk factors. Metalwork, textile, light industry, electronics, foodstuffs, and plywood industries were represented. Exclusion criteria included age < 20 or > 65, pregnant women, history of cardiac disease, or workers taking BP medication. Participants were interviewed regarding demographics, personal habits, medical history, smoking history, use of hearing protection, current work position, and alcohol and coffee consumption.
Using simple correlations, no relationship was found between systolic BP readings and level of noise exposure for both men and women. No relationship was demonstrated between diastolic BP readings for men, but a significant positive correlation was shown in women. However, when using analysis of variance testing, no clear relationship was found between noise exposure and either systolic or diastolic BP (Kristal-Boneh, 1995) . Talbott (1999) evaluated the relationship between noise exposure and BP in two plants, one of which had greater noise exposure than the other. The authors controlled for various confounding variables that had not been sufficiently controlled for in earlier studies. Noise exposures were estimated from departmentwide noise measurements and the job location of the workers. Using a cross sectional design, the authors took audiometric and BP measurements, and medical, occupational, and hearing protection use histories. BP measurements were taken following a strict protocol to avoid variation in technique. Average systolic and diastolic measurements were higher in the plant with higher noise exposures. although both were in the normal range. Using multiple regression analysis, the authors found age, BMI, cumulative noise exposure. current use of BP medication. and alcohol intake explained only 9% of the variance in BP when data from both plants were combined. Significant predictors for elevated diastolic BP were BMI, cumulative noise exposure, and use of BP medications, but again the percent variance explained by this model was small (5%). Because the data were gathered in a cross sectional manner, no conclusions can be made as to the causal effect of noise on BP.
The Talbott (1999) study also looked at racial differences in the workers at the two plants, which included Black, Hispanic, and White workers. There was no significant difference in BMI or age among races. However, there was a difference for mean years of employment, with White workers being employed longer. A higher proportion of nonwhites in both plants reported a history of hypertension. Results showed the average systolic and diastolic BPs in plant one were higher than in plant two. Age, BMI, cumulative noise exposure. current use of BP medications. and alcohol were significant predictors of systolic BP for both plants combined. Factors significant to diastolic BP included BMI, cumulative noise exposure, and use of BP medications. Alcohol consumption was significant for systolic BP (p =.013) but not diastolic BP (p =103) in plants 1 and 2 combined, and approached significance for diastolic BP for plant 1 only (p =.056).
Alcohol consumption was significant for systolic BP (p = .010) and approached significance for diastolic BP for plant 2 only (p = .078). Because the data from the investigation were gathered in a cross sectional manner, the authors noted they were unable to determine definitively that noise exposure causes hypertension. This study is important because it further supports the need to conduct prospective studies to take into account the cumulative insults of noise within the workplace. Lang (1992) conducted another study that did not find a relationship between occupational noise and BP. Participants were workers in small and medium sized mechanical or chemical companies near Paris, France. A total of 7,679 workers met the inclusion criteria. Data included in the study were clinical examinations, working conditions, alcohol and coffee consumption. tobacco use, and arterial hypertension related information, BP was measured after participants were at rest for 5 minutes. Noise exposure was defined as~85 dB for 8 hours a day at the job site. Expo-478 sure noise levels observed ranged from 85 to 100 dB. Levels under 80 dB were considered unexposed. A total of 432 workers were exposed to noise levels > 85 dB, and the majority were exposed to noise from 1 to 9 years.
The exposed population was primarily male (83% versus 59% in the unexposed population). The mean age between the groups did not differ, yet BMI and coffee, alcohol, and tobacco consumption was higher in the exposed group. Systolic BP was higher among exposed workers compared to the unexposed workers, as was diastolic BP. However, after the results were adjusted for BMI, age, alcohol consumption. and occupational category, the relationship was no longer significant. The authors point out it is difficult to accurately assess noise exposure levels for an 8 hour day. Also, non-occupational noise exposures were not considered in the study.
Given the inconsistent results and the number of potential confounders involved with these studies, it is difficult to conclude that a documented relationship between occupational noise exposure and elevated BP exists. Study methods made comparisons difficult, and the establishment of a causal link was all but impossible. BP measurements were inconsistent; they were taken in different positions at different times of the day. and the total number of BP readings taken per worker varied. Another important consideration is lack of consistency among the studies in assessing noise exposure. Nevertheless, evidence suggesting a relationship between noise exposure and hypertension is beginning to emerge.
HEARING CONSERVATION REGULATION
Currently, regulation related to occupational noise exposure is focused on hearing loss and conservation when controlling occupational noise. In the United States, hearing conservation programs must be implemented according to Occupational Safety and Health Act standards when employee noise exposures equal or exceed an 8 hour timeweighted average sound level (TWA)of 85 dB measured on the A scale (slow response), or equivalently,a dose of 50%. This is considered the "action level." Use of noise reduction PPE is not accounted for when evaluating noise exposure (U.S. Department of Labor, 1996) . Components of a hearing conservation program include noise monitoring. noise controls. an audiometric testing program, hearing protection. and employee training. BP monitoring is not a component of the OSHA standard.
Monitoring must be repeated if changes in the production. process, engineering, or controls result in higher noise levels, and PPE needs to be available for employees exposed to action levels. As part of the audiometry section of the program. employees are tested within 6 months of the first exposure at or above the action level for a baseline audiogram. Follow up audiograms are to be conducted at least annually. In addition, annual training must be provided for employees exposed to the action level and also needs to be repeated annually.
Recordkeeping is pertinent to this process. The name and job classification of employees, date and name of the examiner, date of the last audiometric calibration. and employees' most recent level of noise exposure must all be recorded and maintained in employees' files. In most states, it is now mandatory to report work related hearing loss averaging 25 dBA using employees' baseline audiograms for comparison.
IMPLICATIONS FOR PRACTICE AND RESEARCH
When in work settings with elevated noise exposures, occupational and environmental health nurses should focus on creating a program designed to prevent exposure to high levels of occupational noise. Although the research associating noise exposure to high BP is equivocal, it is desirable that hypertension screening programs be considered a component of noise reduction programs. One could argue that hypertension screening programs are important for any workplace, but occupational and environmental health nurses may want to be particularly alert for new incidences of hypertension occurring in environments that are characterized by high noise levels. Recognizing hypertension early could benefit workers by identifying risks (such as noise levels or other personal factors) that may exacerbate the condition, leading to more serious health problems.
The development of such programs would benefit both employees and employers. Occupational and environmental health nurses have a key role in ensuring that employees have essential preventive clinical services and can influence the need for programs and decisions related to where such services should be offered (Lusk, 2001) . Perhaps the term "hearing loss prevention program" should be changed to reflect these broader characterizations of the results of noise exposure. Based on this view of the problem, the title "noise reduction program" might be more appropriate. This phrase is more reflective of the possible effects noise may have on the array of body systems, including its effect on the occurrence of hypertension. To minimize workers' risk to noise, occupational and environmental health nurses should consider using engineering, administrative, and PPE control strategies in hierarchical order (Salazar, 2(01) .
The first choice is to eliminate the hazard (noise), but this may not always be possible. In these situations, one next needs to look at engineering controls, such as coating the walls or floors with sound absorbing materials. Another method is to use nonmetallic materials to construct chutes, bins, and parts containers, which can eliminate the noise of parts striking or vibrating against them during manufacture or transfer. Engineering controls also may include maintaining equipment in good repair or using sound enclosures around high noise equipment or processes (VAW-GM Center for Human Resources Health and Safety Center, 1999). Next, administrative controls such as job rotation or break areas away from the noise exposure should be considered (Dunn, 2(00) . Finally, PPE such as earplugs or muffs may be necessary to decrease noise levels to acceptable levels.
In addition, occupational and environmental health nurses should recommend and develop a BP screening program when high noise level exposure is unavoidable. Similar to audiometry testing, baseline BP measurements should be taken for new employees and at least annually thereafter. If after wearing PPE, a worker's BP does not return to baseline, further health examination is necessary, as many factors other than noise contribute to the development of hypertension. Even though the relationship between excess noise and hypertension has not been definitely established, BP monitoring is an excellent health maintenance tool. Monitoring BP is a good use of occupational and environmental health nurses' time; it contributes to employees' health and secondarily contributes to decreasing health care costs by way of supporting better overall health for employees.
Following the BP assessment, employees who have an increased BP should be assessed for the method of hearing protection they are using, or perhaps PPE use should be initiated. In addition, at the same time employees are having their BP evaluated, other risk factors that cause high BP should be considered. If it is determined that employees need to wear PPE, it is important to ensure employees can still hear any warning signals such as backup beeps and fire alarms. Thorough instructions on wearing hearing protection should be given to employees, even if they underwent training on hearing protection when beginning employment.
A noise reduction program that meets the minimum federal requirements does not necessarily mean the program will be effective. Looking at the records of audiometry test results and BP trends should be considered when determining how effective a program may be. Through periodic review, problems can be identified and then appropriate corrective action can be taken to amend problem areas. For a safety program to work, management support is essential, along with basic noise reduction practices (Dunn, 2000) . Newsletters describing the noise reduction program can help inform management and nonmanagement employees about current steps taken to reduce their noise exposure. Newsletters also can suggest new ways of decreasing noise, thereby possibly stimulat-. ing interest from one or both parties and their support. More importantly, however, a newsletter is a tool that can be used for educating employees about their exposure and ways to decrease exposure.
Wearing PPE presents challenges to workers and employers. Lusk (1998) studied use of hearing protection devices and perceptions of noise exposure and hearing loss among construction workers and found inadequate use of hearing protection, as well as a high proportion of workers perceiving they have hearing loss. Use of hearing protection ranged from 18% to 49% of the time it should have been used. McCullagh (2002) also studied factors influencing the use of hearing protection among 139 farmers in the Midwest. Farmers reported using hearing protective devices only 17% of the time that they were in high noise areas. Most participants (56%) reported no use of such devices. Interpersonal influences, barriers, and situational influences correctly predicted hearing protective device use in 78% of the cases. It is challenging for occupational and environmental health nurses to influence behavior change even though there may be known negative effects from the absence of using hearing protection devices. To assist worker compliance with the use of hearing protec-· IN SUMMARY sures to affirm results or direct research in a different manner if results are still inconclusive. tion devices, occupational and environmental health nurses must use multiple strategies that include adult learning principles in educating workers, positive reinforcement, and clear and consistent communication.
2 Often only hearing loss is thought ofwhen one refers to occupational noise, but there may be other factors to consider when addressing occupational noise such as blood pressure. What is not clear, however, is whether noise contributes to changes in blood pressure.
3 Occupational noise is a problem in various settings and comes with known and possible health consequences. To identify and prevent possible health related effects, workplace monitoring, audiometry, and blood pressure screenings are essential.
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